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fTL£ OF INVENTION (Short & Descriptive) 

[fararfacri Structure and Process for Reflective Light-Valve Array 
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ROBLEM SOLVED BY THIS INVENTION (Summary/ „ 
% rfaaarbxrf -roeture and preecps to bhrieate'ft are ac-etftel Tfcc^ratima ^"J^.""^ 
£(M S drch. have hern fchrieatea. The wfabtheo P«««riwl J**- £V£2 
IIS, i* fi.bric.tH to rronrt light from inteT.eting wfth the underlying CMOS artwU. * -hatbfctotel 
t^h. cktSl eoJr. he. Jo the CMOS oWt, .«d MWd..I mfm- -hicW i. £ 
_f„ cfedriolly Mated Iran, the optical harrier an d each other. A ajwerr « fchricated t. nrpport thef>» 
5ST?,J«ed-re o, dc^Jfor o«i«g - *ep on. repeat nthograph^oM to e^e ^bj^nmrtnc 
^^^.aVor-alh^Nal mirror, over oo or., Urger thoo the e«po«orc ffeM of the *cp ««< repeat tod- 
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CKGROUND INFORMATION 

T0«M Oipu Project, DrW^ Dor Pfodud, ddr flovemim** contact t* this invention related? Pr»|«tfofi ftepfy 
cnucal Dates: 

S.4gestod EvBiuaton DW*P HORN 

*KTOft ON INTERNATIONAL ASSIGNMENT, fs any Inventor of this disclosure in this country on assignment from another «untry? 
lYES. OnO. If "Yes", see instruction #5. 



Th Problem 

lighi-valvt array* are used in projection diaplay*. oplical intownnect, optical imputing, and other apportions in which 
fight ia to he directed in specific directions baatd on a prescribed function and/or ration. (We n* light-valve array and 
«tial light rncdulatbr ^Tibnyinoualy) T^ur of the factor* which .effect the performance $ 
Optical through-put. TW* is enhanced by using a reflective array with high aperture Talk, and highly reflecting mirrors. H.gh 
Jrrinn, ratio demand, that the mirrors are individually large compared to the gaps between them: thi* requires pre-.-* 
Motion High reflertiviiv require, u^g a highly reflective metal ».eh A1 or Ag, and fabricating it on a smooth and flat 
surface (ii) light must be kc P l from interacting with ihc underlying CMOS circuils; ihu* *« optical burner must be fabn 
catcd preventing the incident light from reaching the CMOS circuits. (Hi) If used in the normally black mode the hquai cr 



r^riam (Identify t*V* tenturr o? r*" inrifiUm )-av b+He** H 

ajweVn- c*-o ******* W r*»r p*«nt. 
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rr Bmcfi P*g* ««« B« Sigmsd and Omted tf Every Inventor and Property Witnessed. 
brrfi Z copies of mny seperete sketches mnddlmg rems) 
aaipMon of Invention 

yrt .l cell thicks must he P ,«sdy controlled, (iv) If large number, of mir^r, an. to he Uridd in 

r,lhogn.phy muo he developed which enables the precise fabrication of millions of nurror, over area, larger than the expo- 

mie fidd of step and repeal lithography tools. 

The Inv ntlen 

one show, an embedment of^ 
Zmmr (1) A silicon wafer or, whieh CMOS (or other forms of circuits) circuit, have been fabricated and or .winch a 
iLlating layer has be* fabricated is the Parting point. (2) If needed an addHional insulating layers deposed 
ITrtat H is possible to r*»lish (chem-mech poHsh) the wafer flat and smooth and achieve a planari^nirface. The insulating 
Z^r is for el P ,e Si£ (.V, The surface is «,anari*d using chem-meeh polishing . that enher ^e M U ~ 
rZi at its highest point or so that/only a thin layer oforidc (about 1000 A) covers Ml a trts ^ ^ «™ " 
L^oaed. a thin oxide layer is deposited (about 1000 A). (5) Using a «MT or etch process a th,n layer of NM «- 
ZrbTng material is deposited and patterned. An example of thin reflecting and absorb** mater»l would be Cr metal M 
lowed by CrO deposed by sputtering. The total thickness would be about 1000A. The pattern ,s a *" 
holes hv the barrier to allow studs to make contact to the M I layer below. (6) An add,t,onal layer of S.C-2 « deposrted or 
grown (possibly in two layers to eliminate pin holes). IV thickness is about 2500 A. (7) Stud holes are patterned and craned 
r,hc oxide down to the M I layer at the noanions of the hole* in the barrier layer. (8) These holes are filled ^wth a flash 
(about 250 A) of titanium followed by several thousand angstroms of tungsten to fill the stud holes (9) Usmg the 
kmtaseenc process the surface is polished down to the studs exposing them and removing all metal from the surroundmg 
,r~. (10) Using a rrfl^fT or etch process a highly reflecting metal is deposited and patterned to form the mirror,. The metal 
may be Al or Ag for highest rdleetivhy. (1 1) The patterning of the metal mirrors is a critical step smee «he eye ,s so , sen«.trve 
to sharp edges in a paMcm. Since a large array (with. say. A million individual mirrors on a ouch ™ 
,hao the eaposore fidd of-any step and ^ 

quired Using careful alignment and a GCA stepper, we have .how. that rtHcbing al.gnments of about 0.1 m«on can be 
iUved. TV.s should be adequate for this purpose. This method also enables a gap beUveen rmrrors of one ma^m to be 
maintained. 11* is important to maintain a high aperture ratio. (12) An eteh stop layer of 500 angstroms of S.3N4 ,s de- 
note* fo.W«l by approximately 2 microns (ie the n^ircd liquid crystal cell gap .hickness) of Si02. The.e ^a.cnals are 
deposited at low .cmpcrature to avoid roughen ing the TKrnn, (13) A phonography step « used w,th - ctch.ng (we, 



' IMPORTANT - ffifavfnMNVi * «<. »«n *m~ »-« «■ - »— * --^ 

IMrVn I f\*1 1 - MFWtwwsi prwv*-* . . ^ ^-l-jl.- _ D «ii*ri will nJbJtci mciie^n la fine w'W knprht 



*lTUESft£S- Tht w<l wa — «hjn«!Ufw •CP""' 

M« Md anS ■Htorrtand <Mi owttrw ima^loti dJn*fa»Uiw: 
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Em* P*go MWJ 00 Sign** »nd O*te0 by Ever* iw^nSpr and Properly Wtlnessmt. 

ucft 3 co pies o/gn y aeparatej^efd^^ g^ >g^wsj . 

sttlptton <* invention 

e,ch e*. fc. gfyeeraKd BltF) and /or reach* »n etehing, popping on .be etch ««P layer. The photon** b»= h «n«d 
.nd a sUndard IX cell fabrication proeers it followed. 

The re-lting «™cu re .ha. * highly reflecting. H* -¥* I*"*"* !•--■» - *™ 

^TlS^. p*ch S och.Jpe«.rer„i, """" 
H^.iocd T^rce-ion of .he .rfa. ,Wd b. P~=b1c .o ♦ 500A. .fleecy ina^ng .hop*-. ™.n» 
^W-nut The icfledivily of A. L. .ho« « % and M of Ag * « % h, .he «vi»g high °r^«f"* 

ecJ-Vrhe WOO „p,W r^ »„ .« de*r«- .o have rf-h* 7^'"» .^J"^ 
rcTKIrW, of ,hk layer o,W Ihe contort ratio. lhe tamer prem... I,gh« from roaehmg Ibc areu*. W"» ""f 
^rnl « hie retoior. he..™-. .bet-rrierand .he ho.,™, ride of .he ™rr»..V««gh.«» » f^l»kd^ 
llJZt^L. mm .he l~nc Uye, i, .fcorKn, -he Iigh. i S ...cm-Mcd 

ofroc^ofUKinpu, «gh, .here -H K.^Urge ^rfdtt^J^-^ ** 

An ii wnna ewe «<ir»».e. we cried* .tan 4. inpo, light rm*, he «,o„«„«d h, . f-«r of 100 M0. ™" 

^, imd » iln j„ five rdleeuo™. if .he rdWetion eoeffieieo, « 10 %. In practice . touch larger r^V^ refloat oecur. 

ft^pL of Iigh, in .he „,ide greyer ,h.„ Me. .he oaidc ,hic«ne« .he Wmcr-O^mirro, «,« w.vegu,de he- 

™d^W !» forn* 1.5 and .he oxide .Wckne* of 25(10 A all wa-tongrtv* (in air) greater Ihan 7S00 A will not P 10 ^ 

Z^^LZy «rongl, Por »me dtcai« .h. enounce between .he We, and the mrror. ha ! .o be 

Broiled. Thi> rnay place a pradieal limit on how thin the Olide can be made. 

fihriCion ofUV sr«er on .he .-5 h* ^aieam^™,,^ in that the spacers can be prer-el, afigjl reUti« to the 
™Z „„, thc w^r, „„ ho con,rolled »Hh a nigh degree of aeeonK,. Thi, bn.er i» i^rorttnt «. ordV U. corrtroH the 
n^e^^roop.icdloetri.hecel. . aehic«. .™„ Mac* «„e for th. diapU, .. -H wa^ength. of hg*t. 



Th Claim 

Wh* i< chimed hor" i, : <■) A light valve rtmdum which has bee fahriorted dircdly on . Sij^er. Tin: ^etuf? in^r- 
^cs Ihe cn, ro » CM*** »nd to been (teuM. (2) A .!gh, harrier Mrucurc which effecUvdy prevents madent k# 
the underlying Si circuit, (3) A P ro«« method ,o f.hriCe . i.rge ^ ^"^^,2^ 
flying mirror. (4) A liquid ay*d cell spa eer .echnoio^- conning of ffiOl T-.s vvluch are fthnr*d on ,he hgh, v a Hc 
in,c!«irc ^i.d which provide a prrci«ely «:onirolled cell g»P thickness. 

IMPORTANT: .,,=—.-. p,«-»«iy -«r «- ««« '» • '"^ 2?h,»..,«Z, ^«c-r, w., n» ««r .«f> — w 



«M ltd «r^ unltffU^ iHi tnttif tn— rtlcn <>»c.o-iwr»: 
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Impl mentation 

Structures have been fabricated lo demonstrate the efficacy of the lithography method described above. Additional exper- 
iment* and evaluations are in progress to demonstrate and quantitatively evaluate the rest or the structure and process steps 
d c miUjd above. 

Potential Use 

This invention is of potential interest lo any company intcrwlcd in projection display* any sort. These include projection 
data monitors (ie Kopin. Tex. Instr.. Mitsubishi, and other?), projection Television (ie. Philips, Thompson. Projeetavision. 
Hitachi Toshiba. Sharp. Tex. Instr.....). conference room projectors (ie Sharp. Philips, Hughes, Grcyhawk. GE.Bareo,...). 
retinal projectors (ic Virtual Vision....). This invention may also find use <. spatial light modulator in optical interconnect 
and optical computing. H may also be used in other applications requiring the direction of light, eg User pnntmg The ad- 
vantages of the present invention over other structures and fabrication methods include optical through-put. contrast and 
the ability to make large arrays with existing lithography took. Other methods do not do these as well. A potential com- 
petitor to the present invention is the Texas Instruments digital mirror device which is based on a different pnncrpal. Thai 
device is proprietary lo Tl and its performance is not fully knomi by us. 

References 

(1) I Jiedcr, SID 93,pg 287. 

(2) Glueck el a!. SID 92, pg 277. 

(3) Shikama et al, SID "93, pg 295. 

(4) Glueck et al, SID 93, pg 299. 
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2. Deposit more SIO z and Chemical-mechanical polish 



3. Deposit and pattern Reflector/Absorber layer 




4. Deposit SiOg, pattern via 
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7. Deposit 2 Aim SIO z and P.RYexpose/develop. 




8. Etch SIO, In Glycerated buffered HF, ash P.R.. 
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rrOE OF INVENTION (Short & Oescriptive) 

naiarixdl Structure and Process for Reflective Light- Valve Array 



>ROBL£M SOLVED BY THIS INVENTION (Summary) . 5-. 

A pUnamcd rtrocture and proem t. lahrfeale'il «i« described. The rtracture tag..* ^ h " J^" ^gfj 
which CMOS circutU have hem fabricate*. The wafer 'v then [danamed using ■ chem-mcch I****)- 
hanfcr fcf.hrieated to prevent light from interacting with the underlying 0>IOS cirrmt*. A stud « fhbtetai 
in make electrical contact hetween (he CMOS ci'reuita .nd inditidual rmrror. which arc -to he falmcated on the 
wafer ricetrically isolated from the optical harrier an 4 each other. A apaeer be fahneatcd f» rapport the glasa 
onrr plate. A procedure is dewrihed for i.<hrg > *fp and repeat lithographic tool to e*po*c ge««i«tnc 
pmarion million* of indivWool mirror, over an area larger than the cpowre field of the step ■«« repeat tool. 



30_ 

o 



U3CGROUND INFORMATION 

| Towhai DiBM Project □ Proposal. Dor Product. Dor flowemmeoi enrtrad Is this Iwentlon related' Pr.pehoa Dnpng 
| Critical Dates: 

( S^wcrtod E valuator: DFPr HORN 

VENTORON INTERNATIONAL ASSIGNMENT. Is any inventor of this disclosure in this country on assignment from another country? 
J YES, UlNO. If "Yes", see instruction #5. ____ 



^RIPT ipW OF IHyM™L?i^ 



9 hi ■CC*ntr10(ttrV4 1 



The Problem 

lighl-valve arrays arc used in projection display,, optical inlcrconncel. optical computing, and other applications in which 
light i, to he directed in specific directions baaed on a pnaerihed funetion and/or pattern. (We use light-valve array and 
spatial fight modulator anonymously). Four of the factors which affect the performance of the Hght-valve array are: (i) 
Optical through-put. This is enhanced by using a reflective array with high aperture ratio and highly reflecting mirrors. High 
s.prn..^. ratio demand* that the mirrors are individually large compared to the gaps between them: this rcqu.rcs pnrc-c 
fchricalion.lligh rancrtiviiv requires u«npa highly reflective metal such as Al or Ag, and fabricating it on a smooth and flat 
surface <ii) light -m.sl be ke P . from interacting with the underlying CMOS circuits; thus an opt.cal barrier must be fabn- 
catcd preventing the incident light from reaching the CMOS circui.s. (iii) If used in the normally black mode the hqunJ cr 



fwdliFW <Wfff1.fr **t* ff»10rC of fcuf frt-Ctirfan aaftrcTi rOti DrWo»fl h n<~) 

IMPORTANT- ,»<™.«~ T '•»» *- ««, w ~ - «" <* * •* " t " rte " '""'Z ITTSl^'Z'"^ 

Napa»eT/cr «*r *f ■•>* paWrrtf 

WITNESSES: 'W v-u whnm^i iw< *f»7iw «W»-» DISCLOSURE SUBMITTED BY 

I or**«rfUnd ffmi wiflir* ifMntion - * - • — 
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yrta , «!! ,hi c kness must he precisely controlled, (iv) If large numbers of mirror* arc to be fabricated in a single array, a 
lithography must be developed which enables the precise fabrication of millions of mirror* over areas larger than the expo- 
sure field of step and repeat lithography tools. 

The Invention * 

Figure one shows an embodiment or this invention. The function of the several structures and the ppcera used to fabrieat 
them are- (1) A silicon wafer on which CMOS (or other forms of circuits) circuits have been fabricated and on which a 
Piling insulating layer has been fabricated is the starting point. (2) If needed an additional insulating layer » deputed 
m th » t h iK po^ble to poKsJi (chem-mech polish) the wafer flat and smooth and achieve a planarized surface. The insulating 
layer is for example S.02. O) The surface is nlanari7*d using chem-mech poh*"* so that either thr M I metallurgy is ex- 
po^d at its highest point or so that/only aihin layer ofoxidc (about IOWA) covers Ml at its highest point^J) If Ml » 
exposed, a thin oxide layer is deposited MW A). (5) Using a liR-off or etch process a thin layer or light reflecting and 

absorbing material is deposited and patterned. An example of thin reflecting and absorbing material would be O met* fol- 
lowed by CrO deposited bv sputtering. The total thickness would be about IOOOA. The pattern is a uniform layer except for 
holes in th harrier to allow studs to make contact to the Ml layer below. (6) An additional layer of Si02 is deposed or 
-own (possibly in two layer* to eliminate pin holes). The thickness is about 2500 A. (7) Stud holes are patterned and opened 
in the oxide d«wn to the M I lavcr at the positions of the holes m the barrier layer. («) These holes are filled wrth a flash 
(about 2W A) of titanium followed by several thousand angstroms or tungsten to fill the stud holes.. (9) Using the 
Darnasccnc process the surface is polished down to the studs exposing them and removing all metal from the surrounding 
,r~. (10) Using a lill-off or etch process » highly reflecting metal is deposited and patterned to form the mirrors. The metal 
may be A! or Ag for highest reflectivity. (I I) The patterning of the metal mirrors is a critical step since the eye is so sensitive 
to sharp edges in a pattern. Since a large array (with, say. 4 million individual mirrors on a pitch of 15 microns) is larger 
- than the exposure fidd of any step and repeat Jithography Jool, stitching between fields with no visible disconttnutty is re- 
quired Using careAil alignment and a GCA stepper, we have shown that stitching alignments or about 0.1 micron can be 
achieved This should be adequate for this purpose. This method also enables a gap between mirrors of one micron to be 
maintained. This is implant to maintain a high aperture ratio. (12) An etch stop layer of 500 angstroms of S.3N4 ,. de- 
puted fHWcd by approximately 2 microns (ie the required liquid crys.al cell gap thickness) of Si02. These materials are 
deposited a. low temperature to avoid roughen log the mTrrors. (1.1) A photolithography step is used with wet etching (wet 
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Mflpllcaiof Invention 

etch omi he B.IP, «... jbr io„ « W - - -* Mop »ye, The ^ 

.nd» ! Mno«dlC«l1<»t^»'>™l™=» s ' 5fol, '™* d 

lolhedreuiK However, since the harrier layer is aosortnn, g . effectively ah^rbing essentially all of the light. 

rimiled.lT.is may P lac* a pract^^^ 
Th Claim 

«n.. I brrr U - (11 A lisht valve jrtructure which has been fabricated directly on a Si wafer. The structure * n ™^~ 
What * cla,med here « (I) A light which prevents incident light 

^ic ,he — clonic* and has been planan*d . (2) A g ^ ^ ^ ^ ^ 

Sn^ 

<tn«l»rr and which provide a prrri«-iy controlled cell gap thickness. 
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Impl mentation 

Structures have been fabricated to demonstrate the efficacy or the lithography method described above. Additional exner- 

described above, 
p t ntlat Use 

Tin. invention is of potential intend to any company interested in nmjedion display, of any «t. These include ^jection 

Hitachi Toshiba, Sharp, Tex. Instr,...), conference room projectors (.e Sharp, Ph.l,ps. Hughes, Oreyhawk. GR.Barco..^), 
^ nal oro^(ic vTm.al Vision....). This invention may also find use , spatial light modulator ,n opttcal mterconnect 
L^iSlZ^H^ al^o Kc u,ed in other aprons requiring the direction of light, eg las* r printing. The ad- 
11 Tn <Z£Z invenL over other structures and Mod, methods include optical through-put. ^ and 
o mL lar^c arrays with citing lithography tools. Other methods * ~ * ^ ^ 

pcHnr to the present invention is the Texas Instruments digital mirror device u-bteh based on a Afferent pnnopal. Tha, 
device is proprietary to TI and its performance is not fully known by us. 
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2. Deposit more SIO a and Chemical-mechanlcaJ polish 




3. Deposit and pattern Reflector/Absorber layer 




4. Deposit Si0 2 , pattern via. 
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7. Deposit 2 pm Si0 2 and P.R./expose/develop. 




8._Etdi SiOgjn Glyeer^ed buffered HF L ash_P.R.. 
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